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INTRODUCTION 


The  Clark  Fork  River  basin  includes  some  of  the  most 
polluted  waters  in  Montana.  More  than  a century  of  mining 
activities  have  impaired  beneficial  uses  of  water  in  much  of 
the  drainage.  While  widespread  metal  contamination  has  had 
the  most  apparent  impact  on  Clark  Fork  River  water  quality, 
non-point  source  pollution,  as  well  as  municipal  and  indus- 
trial effluents  contribute  to  the  poor  water  quality  in 
large  portions  of  the  drainage.  The  severity  and  extent  of 
pollution  has  resulted  in  concern  for  the  general  health  of 
the  river,  and  the  consequent  classification  of  the  entire 
drainage  as  a priority  water  body  with  regard  to  restoration 
and  protection  of  aquatic  resources. 

An  effective  reclamation  and  management  plan  requires 
some  knowledge  of  pollutant  sources,  of  interactions  among 
contaminants  and  of  the  myriad  of  variables  which  influence 
pollutant  distribution  and  availability.  To  meet  these  needs, 
a wide  variety  of  water  quality  investigations  are  presently 
underway.  However,  understanding  historic  conditions  and 
long-term  trends  are  imperative  for  the  successful  imple- 
mentation and  evaluation  of  remedial  activities.  Histori- 
cally, physical  and  chemical  data  were  infrequently  collected 
and  the  scopes  of  most  investigations  were  too  restricted  to 
be  applicable  to  current  needs.  Fortunately,  a substantial 
amount  of  information,  in  the  form  of  biological  data,  has 
been  collected  during  the  past  30  years. 

Biological  surveys  of  fishes,  macroinvertebrates  and 
periphyton  have  been  conducted  in  the  Clark  Fork  Drainage 
by  numerous  investigators  during  the  last  several  decades. 
Aquatic  macroinvertebrates  have  been  the  most  frequently 
studied  and,  potentially,  these  studies  provide  the  most  use- 
ful database  for  evaluating  past  conditions  and  for  tracking 
long  term  water  quality  and  biological  trends  in  the  Clark 
Fork  River.  The  accompanying  bibliography  is  believed  to  be  a 
complete  source  list  of  aquatic  macroinvertebrate  data  for  the 
Clark  Fork  River.  In  addition  to  these  completed  studies,  the 
Montana  Water  Quality  Bureau  (MWQB)  and  the  Institute  of  Paper 
Chemistry  (IPC)  are  continuing  to  monitor  Clark  Fork  River 
macroinvertebrates . 

Despite  the  extensive  use  of  macroinvertebrates  as  bio- 
indicators of  water  quality  in  the  Clark  Fork  Drainage,  no 
comprehensive  evaluation  of  existing  studies  has  been 
attempted.  Summaries  of  long  term  investigations  by  the 
Institute  of  Paper  Chemistry  (IPC  annual  reports,  Rades  1985) 
and  Anaconda  Minerals  Company  (Canton  and  Chadwick  1985; 
Chadwick,  Canton  and  Dent  1986)  focus  on  short  river  reaches. 
The  Silver  Bow  Remedial  Investigation  Report  (MultiTech  Inc. 
and  OEA  Research  1986)  summarizes  most  of  the 


macroinvertebrate  data  available  for  Silver  Bow  Creek  and  the 
Clark  Fork  River  above  the  confluence  of  the  Little  Blackfoot 
River.  While  these  reports  provide  accurate  assessments  of 
conditions  within  their  limited  study  areas,  they  present  a 
disjointed  picture  of  streamwide  environmental  conditions;  our 
knowledge  of  macroinvertebrates  in  most  of  the  Clark  Fork 
River  remains  incomplete. 


OBJECTIVES 

This  interpretative  report  is  a synthesis  of  Clark  Fork 
River  macroinvertebrate  studies  completed  between  1956  and 
1986.  Its  purpose  is  to  document  historic  and  existing  bio- 
logical impacts  and  assess  trends  as  well  as  identify  existing 
data  gaps  and  information  needs.  In  addition,  the  current 
Department  of  Health  and  Environmental  Sciences  ( DHES ) macro- 
invertebrate program  is  critiqued,  and  alternative  long  term 
monitoring  programs  are  proposed. 


A SUMMARY  OF  CLARK  FORK  RIVER  MACROINVERTEBRATE  STUDIES 
Silver  Bow  Creek  to  Milltown  Dam 

Macroinvertebrate  studies  initiated  in  the  late  1950 's 
provide  starting  points  for  both  long-term  trend  monitoring  in 
specific  river  reaches  and  evaluations  of  conditions  through- 
out the  Clark  Fork  River  Drainage.  The  early  studies  by 
Spindler  (_1959 ) and  Averett  ^961)  allowed  gross  comparisons 
of  environmental  conditions  throughout  the  drainage.  These 
investigators  found  macroinvertebrates  absent  from  Silver  Bow 
Creek  and  sparse  insect  populations  in  the  upper  Clark  Fork 
River.  Dipterans  (presumably  midges  and/or  black  flies)  pre- 
dominated throughout  the  drainage  while  caddisflies,  mayflies, 
stoneflies  and  beetles  were  virtually  absent  above  the  con- 
fluence of  the  Little  Blackfoot  River. 

No  additional  information  is  available  for  the  upper 
Clark  Fork  River  until  Shinn's  (1970)  qualitative  study  of  12 
sites  from  Silver  Bow  Creek  to  below  the  Hoerner-Waldorf  paper 
mill  (now  Stone  Container  Co.).  Shinn  documented  degradation 
in  much  of  his  study  area  and  his  data  indicates  that  environ- 
mental conditions  in  the  Clark  Fork  River  had  notfc/changed  sig- 
nificantly during  the  1960 's.  As  had  Averett  ( 19~&9-)  and 
Spindler  ( _1 9ljHL)  , Shinn  found  no  aquatic  insects  in  Silver  Bow 
Creek  and  few  species  in  the  Clark  Fork  River  from  the  Warm 
Springs  Ponds  to  Deerlodge.  He  noted  the  influence  of  dilu- 
tion by  the  Little  Blackfoot  River  on  taxa  richness,  which 
nearly  doubled  from  Deerlodge  to  Garrison.  From  the  conflu- 
ence of  the  Little  Blackfoot  River  to  Milltown  Dam,  taxa 
richness  remained  constant,  but  was  suppressed  compared  to 
Warm  Springs  Creek  and  stations  downstream  from  Milltown  Dam. 


More  recent  investigations  have  documented  reduced  im- 
pacts resulting  from  heavy-metal  contamination  in  Silver  Bow 
Creek  (Chadwick,  et  al . 1986)  and  in  the  upper  Clark  Fork 
River  (Canton  and  Chadwick  1985;  McGuire  1987).  Macroin- 
vertebrates began  colonizing  Silver  Bow  Creek  during  1975  when 
effective  secondary  treatment  of  the  Anaconda  Minerals  Company 
(AMC)  Weed  Concentrator's  effluent  began  and  the  Butte  sewage 
treatment  plant  ceased  discharging  sludge  into  the  stream 
(MultiTech  and  OEA  Research  1986).  By  1981,  metal-tolerant 
midge  species  were  present  throughout  Silver  Bow  Creek  and  a 
few  other  tolerant  species  were  established  in  the  stream's 
lower  reach  (Gregson  Hot  Springs  to  the  Warm  Springs  Ponds). 

Since  1981,  the  composition  and  abundance  of  macroinvertebrate 
assemblages  have  been  more  variable,  and  the  continued  im- 
provement of  environmental  conditions  have  been  less  apparent. 
Although  much  improved  relative  to  historic  conditions,  Silver 
Bow  Creek  remains  severely  polluted  by  heavy-metals  which 
results  in  an  impoverished  macroinvertebrate  fauna. 

Similarly,  impacts  from  metals  contamination  have  dimin- 
ished during  the  past  ten  years  in  the  upper  Clark  Fork  River 
(MultiTech  and  OEA  Research  1986) . However,  metal-sensitive 
species  are  still  precluded  from  much  of  the  river  above 
Milltown  Dam.  As  heavy-metal  pollution  has  become  less 
severe,  other  environmental  stresses  have  become  more  ap- 
parent. Densities  of  a few  tolerant  insect  species  have 
increased  dramatically  in  a response  to  nutrient  and  organic 
enrichment  from  municiple  sewage  treatment  plants  and  nonpoint 
sources  (natural,  agricultural  and  forest  practices).  This 
response,  previously  suppressed  by  toxic  conditions  resulting 
from  metal  contamination,  are  now  evident  throughout  the  drainage. 


Milltown  Dam  to  the  confluence  of  the  Flathead River 

Pollution  in  the  Clark  Fork  River  has  had  a less  dramatic 
impact  on  the  biota  downstream  from  Missoula  than  in  the 
headwaters.  Spindler  (1959),  Averett  (1961),  Shinn  (1970) 
and  McGuire  (1987)  have  reported  more  diverse  faunas  below 
Missoula  than  above.  Organic  wastes  from  the  Missoula  Waste 
Water  Treatment  Plant  (WWTP),  the  Frenchtown  Mill  (now  Stone 
Container  Co.)  and  upstream  sources  have  been  the  pollutants 
of  historical  concern  in  this  river  reach  (Watson  1985).  The 
Missoula  WWTP  is  the  largest  point  source  of  nutrients  in  the 
drainage  and,  until  secondary  treatment  was  installed  in  1978, 
probably  had  the  greatest  potential  for  creating  toxic  condi- 
tions in  Clark  Fork  River  downstream  from  Milltown  Dam.  How- 
ever, with  the  exception  of  Shinn's  (1970)  study  which  indi- 
cated a sharp  decline  in  species  richness  below  the  Missoula 
WWTP  outfall  compared  with  stations  upstream  and  further 
downstream,  few  data  are  available  to  test  this  hypothesis. 


In  contrast,  the  Institute  of  Paper  Chemistry  (IPC)  began 
annual  biological  assessments  of  environmental  conditions  near 
the  Stone  Container  Company's  (Frenchtown)  mill  in  1956.  The 
purpose  of  these  investigations  has  been  to  detect  impacts 
from  the  mill's  effluent  and  seepage  from  settling  ponds. 
During  the  mill's  first  year  of  operation  (1958-59),  the 
untreated  effluent  had  a significant  localized  impact  on  the 
fauna.  Spindler  and  Whitney  (1960)  documented  a fish  kill  and 
a shift  in  benthic  community  composition  while  the  IPC  (1962) 
found  reduced  densities  of  sensitive  insect  species  and  re- 
duced taxa  richness  below  the  mill  outfall.  The  subsequent 
recovery  of  the  benthic  community  was  documented  (IPC  1962) 
when  effluent  treatment  was  initiated  a year  later.  Other 
than  the  deleterious  effects  during  the  first  year  of  oper- 
ation, impacts  attributable  to  the  paper  mill  have  generally 
been  minor.  During  the  sixties,  slight  reductions  in  species 
richness  were  sometimes  noted  near  the  effluent  outfall  and 
organic  enrichment  was  documented  immediately  downstream. 
Wastewater  treatment  at  the  mill  has  been  improved  several 
times  and,  since  1975,  impacts  have  been  limited  to  nutrient 
enrichment  (Rades  1985). 

While  the  IPC  studies  were  designed  to  detect  impacts 
from  a single  point  source,  they  also  provide  valuable 
information  for  evaluating  overall  environmental  conditions 
in  the  river  between  Missoula  and  (ca. ) Alberton.  Although 
usually  not  addressed  in  IPC  annual  reports,  environmental 
stresses  were  occasionally  evident  throughout  the  study  area. 
For  instance,  in  1959,  1963,  1964,  1967,  1974  and  1975,  re- 
duced macroinvertebrate  densities,  taxa  richness  and/or  shifts 
in  ordinal  relative  abundance  were  evident  at  most  stations. 
Perturbations  at  IPC  control  sites  appeared  greatest  during 
high  runoff  years  and,  therefore,  may  have  resulted  from 
elevated  heavy-metal  concentrations  during  runoff.  Converse- 
ly, during  years  when  runoff  was  relatively  low  (e.g.  1966, 
1969,  1973,  and  1977),  investigators  typically  noted  indi- 

cations of  nutrient  enrichment  (increased  macroinvertebrate 
densities  and  biomass)  at  sites  upstream  and  downstream  from 
the  paper  mill.  These  findings  suggest  that  biological ly- 
significant  metal  contamination  has  occurred  in  the  Clark  Fork 
River  below  Milltown  Dam  during  high  runoff  years  and  it 
occasionally  extends  downstream  at  least  as  far  as  Alberton. 

Impacts  attributable  to  heavy  metals  have  been 
substantially  less  downstream  from  Milltown  Dam  than  in  up- 
stream reaches  where  metal  pollution  has  historically  been 
more  severe.  The  magnitude,  frequency,  and  the  duration  of 
exposure  to  elevated  metal  concentrations  downstream  from 
Milltown  Dam  have  been  lessened  as  a result  of  metal-bearing 
sediments  being  trapped  in  the  reservoir  (Johns  and  Moore 
1985)  and  by  dilution  from  the  Blackfoot  River  and  Rock  Creek. 
Consequently,  the  middle  reach  of  the  Clark  Fork  River 
supports  a fauna  rich  in  species  compared  to  the  impoverished 
upstream  fauna  (Shinn  1970;  McGuire  1987). 


Conflxience  of  the  Flathead  River  to  the  Idaho  border 


The  scant  data  available  for  the  Clark  Fork  River  down- 
stream of  it's  confluence  with  the  Flathead  River  allow  only  a 
few  generalizations  regarding  environmental  conditions  in  the 
lower  river.  Heavy-metal  contamination  does  not  appear  to 
have  been  a problem  in  this  reach  of  the  Clark  Fork  River  in 
recent  years.  Hornig  and  Hornig  (1985)  and  McGuire  (1987) 
reported  increased  abundances  of  several  mayfly  and  mollusc 
species  considered  intolerant  of  heavy-metals  below  the  con- 
fluence of  the  Flathead  River.  The  benthic  communities  des- 
cribed in  these  studies  suggest  that  nutrient  enrichment  is 
not  a significant  problem  at  this  time.  Stream  regulation, 
particularly  fluctuating  flows,  appear  to  be  the  principle 
threat  to  the  biological  integrity  in  the  lower  Clark  Fork 
River . 


ONGOING  INVESTIGATIONS 

At  present,  annual  Clark  Fork  River  biomonitoring  programs 
are  being  conducted  by  the  Montana  Water  Quality  Bureau  and 
the  Institute  of  Paper  Chemistry.  During  August,  the  WQB 
collects  four  Hess  samples  at  approximately  25  sites  to  pro- 
vide a general  water  quality  assessment  throughout  the  drain- 
age. The  IPC  study  is  designed  to  detect  impacts  near  the 
Stone  Container  Corporation's  paper  mill.  Their  study  area 
extends  approximately  34  km  (21  miles),  from  Missoula  to 
Alberton  and  includes  three  control  stations  (above  the  paper 
mill)  and  six  experimental  stations.  Six  replicate  Surber 
samples  are  collected  at  each  station  during  August. 


DATA  DEFICIENCIES  AND  THE 
CURRENT  MWQB  MACROINVERTEBRATE  PROGRAM 

Ongoing  investigations  by  the  IPC  and  MWQB,  when  coupled 
with  earlier  studies  (e.g.  Shinn  1970;  Montana  Power  Co.  1982; 
Canton  and  Chadwick  1985;  Chadwick  et  al . 1986;  Hornig  and 
Hornig  1985),  provide  a useful  framework  for  understanding 
water  quality  trends  in  the  Clark  Fork  River  drainage.  How- 
ever, the  dirth  of  seasonal  information,  incomplete  knowledge 
of  pollutant  interactions,  and  scant  historical  data  for  some 
stream  reaches  limit  the  value  of  the  existing  database. 
Fortunately,  these  deficiencies  can  be  corrected  in  a timely 
manner  at  little  cost. 

Data  are  insufficient  for  the  Clark  Fork  River  from  its 
confluence  with  the  Little  Black  Foot  River  to  Milltown  Dam. 
This  section  of  river  is  impacted  by  heavy-metals,  nutrient 
enrichment,  sediment  deposition  and  probably  other  forms  of 
degradation.  It  is  clearly  a transition  zone  with  regard  to 
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metals  related  Impacts.  However,  rather  than  a gradual  down- 
stream Improvement,  the  severity  of  biological  impairment  due 
to  heavy  metals  varies  significantly  within  this  reach 
(McGuire  1987) . This  variability  is  poorly  understood  and 
hampers  any  attempt  to  quantify  impacts  resulting  from  the 
multiple  environmental  stresses  present.  While  the  current 
MWQB  program,  which  includes  three  stations  in  this  reach,  has 
substantially  increased  the  database  for  this  region,  pol- 
lutant interactions  remain  poorly  understood.  Expanding  our 
knowledge  of  conditions  in  this  reach  should  be  a priority  for 
future  investigations  and  at  least  one  additional  station 
between  Gold  Creek  and  Bonita  seems  justified. 

A narrow  and  skewed  view  of  environmental  conditions  has 
resulted  from  reliance  on  annual  macroinvertebrate  sampling. 
Much  of  the  "random"  variability  alluded  to  in  past  annual 
studies  can  be  identified  and  understood  when  sampling  is  more 
frequent . Few  Clark  Fork  River  studies  have  included 
multiple-season  sampling;  however,  they  appeared  to  detect 
organic  pollution  more  reliably  than  only  summer  samples.  For 
instance,  impacts  at  sites  adjacent  to  the  (Stone  Container) 
paper  mill  were  found  during  qualitative  studies  in  January 
and  March  of  1967  but  not  during  August  of  the  same  year  (IPC 
Project  1980  reports,  numbers  12,  13,  and  14,  1967).  In 
addition,  Hornig  and  Hornig  (1986)  noted  an  apparent  impact  of 
the  paper  mill  effluent  during  the  fall  of  1984  that  was  not 
evident  in  summer  samples  and  the  Montana  Power  Company  (1982) 
found  eutrophic  conditions  more  obvious  at  Turah  during  April 
of  1981  than  during  the  summer  of  1980  or  1981.  Thus,  epi- 
sodal  exposure  to  elevated  metals  concentrations  during  runoff 
may  mask  the  effects  of  other  water  quality  problems  in  the 
Clark  Fork  River,  particularly  during  the  summer.  While 
summer  samples  provide  a good  measure  of  biological  impacts 
associated  with  peak  metal  concentrations  during  runoff,  they 
appear  relatively  insensitive  to  other  types  of  degradation, 
particularly  when  runoff  is  high. 

Analyses  based  on  annual  samplings  are  also  susceptible 
to  influence  by  catastrophic  events  and,  therefore,  do  not 
always  provide  reliable  evaluations  of  environmental  condi- 
tions during  the  preceeding  year.  For  example,  preliminary 
comparisons  of  the  1986  versus  1987  MWQB  data  indicates  that 
macroinvertebrate  densities  and  species  richness  were  severely 
reduced  in  1987,  and  that  community  composition  was  altered  in 
much  of  the  upper  river.  These  changes  probably  do  not  re- 
flect a deterioration  of  environmental  conditions  from  1986  to 
1987.  Rather,  the  observed  changes  were  probably  the  result 
of  elevated  metals  concentrations  following  a thunderstorm 
approximately  three  weeks  prior  to  sample  collection. 


Finally,  species-level  analyses  are  usually  inapprop- 
riate with  once-a-year  data.  The  dynamic  nature  of  inverte- 
brate populations,  with  their  varied  and  complex  life 
cycles,  and  the  unmeasured  variation  in  the  temperature 
profile  between  years  and  among  stations  precludes  meaningful 
interpretations  from  most  annual  studies.  Consequently, 
most  analyses  have  been  restricted  to  community  level  para- 
meters (e.g.  total  abundance,  taxa  richness  and  diversity 
indices)  even  though  species  level  evaluations  are,  potent- 
ially, better  measures  of  water  quality  and  environmental 
perturbations  (Schwenneker  and  Hellenthal  1984;  Rosenburg  et 
al . 1986).  The  recent  IPC  studies  are  an  exception  and  they 
have  successfully  incorporated  selective  species  abundance 
and  distribution  data  into  their  evaluations  of  water  qual- 
ity near  the  Stone  Container  paper  mill.  This  has  been 
possible  due  to  the  proximity  of  stations  within  the  rel- 
atively short  and  homogeneous  study  area. 


ALTERNATIVE  MONITORING  PROGRAMS 

Rational : The  MWQB  macroinvertebrate  program  employed  since 

1986  has  provided  a substantial  amount  of  information  about 
environmental  conditions  in  the  Clark  Fork  River  Drainage. 

With  the  completion  of  this  year's  (1988)  investigation,  three 
years  of  data  will  have  been  amassed  for  stations  throughout 
the  drainage  and  a reliable  picture  of  cumulative  environ- 
mental impacts  for  broadly  defined  river  reaches  will  have 
been  attained.  The  emphasis  of  the  monitoring  program  should 
now  shift  to  documenting  changes  in  selected  reaches  and 
providing  additional  information  where  our  understanding  of 
perturbations  remain  incomplete.  Drastically  altering  the 
sampling  program  would  needlessly  diminish  the  usefulness  of 
the  existing  data.  Therefore,  the  following  strategy 
(Table  1)  conserves  much  of  the  present  program  while 
expanding  investigations  in  priority  river  reaches. 


Table  1.  Proposed  sampling  program  for  macroinvertebrate 
biomonitoring  in  the  Clark  Fork  River. 


Sampler : 

Samples  per  station: 
Sampling  frequency: 


Total  number  of  samples: 
Station  locations: 
a.  August:  CFR 

tributaries  (optional) 


modified  Hess 
four 

annually  (August)  for  most  stations, 
twice  a year  (August,  and  March) 
for  selected  stations. 

88  (96  with  tributaries) 

1,2,3,4,7,8,9,10,11,  new  station 
12,13,15,16,18,20,  and  22 
Blackfoot  R.  and  Rock  Cr . 


b.  March:  CFR 


3,9,13,20  and  22 


Continuity  with  recent  MWQB  studies  will  be  maintained  by: 

1.  retaining  most  of  the  previously  used  sampling  stations 

2.  using  the  same  sampling  device; 

3.  collecting  the  same  number  of  samples  per  station;  and 

4.  collecting  most  of  the  data  during  August. 


Major  changes  to  the  sampling  program  will  result  from: 

1.  sampling  one  station  in  each  distinct  river  reach  two 
times  per  year;  and 

2.  deleting  selected  stations  (primarily  isolated  stations 
on  clean  water  tributaries  and  stations  in  and  below 
the  IPC  study  area). 


This  strategy  calls  for  concentrating  sampling  effort  in 
reaches  were  environmental  degradation  is  dynamic  or  poorly 
understood.  Therefore,  sampling  efforts  will  focus  on  Silver 
Bow  Creek,  the  upper  Clark  Fork  River  and  the  reach  of  river 
between  Milltown  Dam  and  Huson.  Collecting  most  of  the  sam- 
ples during  August  will  assure  comparability  with  past  stud- 
ies. However,  the  August  sampling  program  will  be  subject  to 
the  previously  discussed  shortcomings  of  once-a-year  sampling 
and  the  resulting  data  will  be  insufficient  for  detailed  site- 
specific  evaluations.  Hence,  approximately  five  stations, 
representative  of  distinct  river  reaches,  will  also  be  sampled 
prior  to  runoff.  The  spring  samples  will  lessen  the  likeli- 
hood of  catastrophic  events  being  misinterpreted  and  provide 
independant  evaluations  of  environmental  degradation  under 
more  constant  conditions.  Spring  samples  will  also  improve 
our  knowledge  of  insect  taxonomy  and  life  histories  in  the 
Clark  Fork  River. 

Without  increased  resources,  additional  information  can- 
not be  obtained  without  sacrificing  data  from  other  stream 
reaches.  Inadequate  sampling  effort  squanders  limited  re- 
sources without  providing  useful  information.  Therefore,  an 
effort  was  made  to  identify  and  exclude  stations  which  pro- 
vided redundant  information  or  were,  for  some  other  reason, 
less  important  to  meeting  the  changing  goals  of  the  monitoring 
program . 

The  IPC  studies,  with  their  relatively  dense  cluster  of 
stations  and  higher  number  of  replicates  per  station,  are  more 
likely  to  detect  environmental  changes  in  the  Missoula  to 
Alber ton  river  reach  than  is  a less  intensive  MWQB  monitoring 
program.  Hence,  most  stations  in  and  downstream  from  the  IPC 
study  area  have  been  deleted  from  the  proposed  monitoring 
program.  The  two  stations  retained  in  this  river  reach 
(stations  20  and  22  above  and  below  Stone  Container,  respec- 
tively) will  be  sampled  twice  a year  and  will  be  useful  for 


» . 


testing  the  hypothesis  that  nutrient  enrichment  is  more  evi- 
dent in  the  spring  than  during  the  summer.  While  not  directly 
comparable  (e.g.  different  sampling  techniques  preclude  stat- 
istical comparisons),  the  IPC  studies  and  the  proposed  program 
compliment  each  other.  The  IPC  findings  should  be  included  in 
any  comprehensive  evaluation  of  water  qualify  in  the  Clark 
Fork  River. 


The  lower  river  (downstream  from  the  confluence  with 
the  Flathead  River)  would  be  excluded  from  the  monitoring 
program.  Environmental  perturbations  in  the  lower  river  are 
f undamental ly  different  (resulting  from  impoundments  and 
reservoir  discharge  patterns)  than  those  in  the  upstream 
reaches  and  an  extensive  sampling  program  would  be  needed  to 
adequately  evaluate  conditions  in  this  reach. 

Solitary  stations  on  relatively  unpolluted  tributaries 
could  be  discontinued.  Once  a comparative  baseline  has  been 
established,  data  from  these  locations  becomes  less  important 
for  evaluating  conditions  in  the  Clark  Fork  River.  They  are 
however,  valuable  for  trend  monitoring  in  the  tributary's 
watershed.  Therefore,  if  funding  restraints  prohibit 
monitoring  programs  in  tributaries,  it  may  be  desirable  to 
include  tributaries  of  special  concern  (e.g.  Blackfoot  River 
and  Rock  Creek)  in  the  Clark  Fork  monitoring  program. 

Numerous  factors,  including  the  likelihood  of  diminishing 
financial  resources,  were  considered  while  developing  this 
sampling  strategy.  Although  undesirable,  reducing  the  number 
of  samples  per  station  from  four  to  three  would  reduce  labora- 
tory costs  by  approximately  2b% . Reduced  replication  would 
undermine  the  legitimacy  of  statistical  analyses  and  other 
analysis  techniques  would  need  to  be  considered.  Alternative- 
ly, stations  could  be  selectively  dropped  from  the  program; 
however,  the  present  and  the  proposed  monitoring  programs  are 
already  near  the  minimum  effort  required  to  provide  reliable 
information  and  meet  the  program  objectives. 
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